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Abstract 
Flood is a natural disaster. However human activities in many circumstances change flood 
behavior. Activities in the catchment such as land clearing for agriculture may increase the 
magnitude of flood which increases the damage to the properties and life. Dugeda Bora Woreda 
is one of the most severally flood affected areas in SouthEast Ethiopia in general and Ribb- Meki 
Catchment in particular. It is situated in the downstream part of Ribb and Meki Rivers. 
Relatively sparse population and different landuses are found in this area, which are vulnerable 
to flood hazard. Intensive agricultural activities on steep slope areas of the catchment and its 
expansion decrease the abstraction of rain water and there by changed quickly to flood water. 
The high magnitude of water that enters in to Ribb and Meki rivers overflows these rivers. For a 
number of reasons the most frequent choice should be protection from the flooding by 
revilagizing the people to the safe ground, but there is also a need for a broader and 
comprehensive program for managing flood hazard in the study area. Flood protection has been 
helpful and must be continued. Side by side other preventive tools like effective landuse 
planning, creation of a computerized GIS database for the flood prone areas and a detailed flood 
risk assessment and mapping are required to minimize the harmful effects of flood hazard. 
 
Therefore, an attempt has been made to apply modern techniques like GIS and Remote Sensing 
for the assessment of flood hazard and flood risk in Dugeda Bora Woreda. The flood causative 
factors were developed in the GIS and Remote Sensing environment and weighted and 
overplayed in the principle of pair wise comparison and MCE technique in order to arrive at 
flood hazard and flood risk mapping. Landuse/landcover change detection was done for the 
catchment using the 1985 and 1999 Landsat images and shrub lands, grass lands and open wood 
lands were found to be decreased in areal extent while agricultural lands and swamps were 
increased. Comparison between long year (1974-2006) annual maximum daily rainfall and 
annual maximum daily gauge levels (1971-2005) data of Ribb and Meki rivers showed that 
rainfall slightly decreases while gauge level increases, and this can be attributed to landcover 
removal especially in the upper catchment. Flood frequency analysis was done using Ribb and 
Meki rivers annual daily maximum gauge levels and the likely flood levels in different return 
periods were found. DEM and the 100 year return period base flood were combined in the GIS 
environment in order to produce flood inundation maps. Results from the overlay analysis and 
from the flood frequency analysis soundly agree to each other. The major findings of the study 
revealed that most of the PAs in the downstream part of the catchment and the different landuses 
in these areas are within high to very high flood hazard and flood risk level. The presence of risk 
assessment mapping will help the concerned authorities to formulate their development strategies 
according to the available risk to the area. 
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Topographically, Ethiopia is both a highland/mountainous and lowland country. It is composed 
of nine major river basins, the drainage systems of which originate from the centrally situated 
highlands and make their way down to the peripheral or outlying lowlands. Especially during the 
rainy season (June-September), the major perennial rivers as well as their numerous tributaries 
forming the country’s drainage systems carry their peak discharges. 
 
The country experiences two types of floods: flash floods and river floods. Flash floods are the 
ones formed from excess rains falling on upstream watersheds and gush downstream with 
massive concentration, speed and force. Often, they are sudden and appear unnoticed. Therefore, 
such floods often result in a considerable toll; and the damage becomes especially pronounced 
and devastating when they pass across or along human settlements and infrastructure 
concentration. The recent incident that the Dire Dawa City experienced is typical of flash flood. 
 
On the other hand, much of the flood disasters in Ethiopia are attributed to rivers that overflow or 
burst their banks and inundate downstream plain lands. The flood that has recently assaulted 
Southern Omo Zone and East Shewa (mainly Dugeda Bora Woreda) Zone is a typical 
manifestation of river floods. Therefore, owing to its topographic and altitudinal characteristics, 
flooding, as a natural phenomenon, is not new to Ethiopia. They have been occurring at different 
places and times with varying magnitude. Some parts of the country do face major flooding. 
Most prominent ones include: extensive plain fields surrounding Lake Zeway and Meki and Rib 
Rivers in Oromiya Regional State; areas in Oromia and Afar Regional States that constitute the 
mid and downstream plains of the Awash River; places in Somali Regional State that fall mainly 
along downstream of the Wabishebelle, Genalle and Dawa Rivers; low-lying areas falling along 
Baro, Gilo and Akobo Rivers in Gambella Regional State; downstream areas of Omo River in 
the Southern Nations, Nationalities and Peoples Regional State (DPPA, 2006). 
 
Dugeda Bora Woreda, which is located between 08037’ and 08057’ North latitude & 37035’ and 
37058’ East longitude, is traditionally identified as one of flood prone areas of Ethiopia. This 
 Woreda has an aerial extent of 1110 square kilometer and a total population of about 246541 of 
which over 90% has rural setting. Elevation in the study area ranges from 1780 m to 2510m and 
it has an average elevation of 1937 meter above mean sea level. The Woreda is drained by two 
major rivers, namely Ribb and Meki. It totally lays in Ribb-Meki Catchment, which is part of the 
Rift Valley Basin. This Catchment encloses big flat to gently sloping plains located in the 
administrative Zone of East Shewa, north side of Lake Zeway. Dugeda Bora Woreda is 
particularly found in the downstream part of the above mentioned catchment. 
 
1.2 Statement of the Problem and Justification 
Flood is probably the most devastating, widespread and frequent natural hazard of the world. 
This problem is more acute in highland areas like Ethiopia under strong environmental 
degradation due to population pressure. According to UNEP (2002), the major environmental 
disasters in Africa are recurrent droughts and floods. Their socio-economic and ecological 
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impacts are devastating to African countries, because most of them do not have real time 
forecasting technology or resources for post-disaster rehabilitation. Although flood events are not 
new to Ethiopia, the country, in its current main rainy season, has been threatened by quite 
unprecedented flooding of abnormal magnitude and damage. Apparently, this is, for the large 
part, due to torrential or heavy rains falling for long days on the upstream highlands. 
 
The rains have caused most rivers to swell and overflow or breach their courses, submerging the 
surrounding ‘flat' fields or floodplains, which are mostly located in the outlying pastoralist 
regions of the country. It is evident that the problem of river flooding in Ethiopia is getting more 
and more acute due to human intervention in the fragile highland areas at an ever-increasing 
scale. According to United Nation Office for the Coordination of Humanitarian Affaires 
(UNOCHA) (2006), across Ethiopia, the number of people affected by the floods of this year has 
reached 357,000, including 136,528 forced to abandon their homes. 
 
Ethiopia's eastern Oromiya region was the worst hit in the giant Horn of Africa nation, with 
97,000 people affected, of which 37,000 lost their homes. The floods swamp large areas of 
cropped land in this region. Another survey conducted by the Joint Government and 
Humanitarian Partners Flash Appeal for the 2006 Flood Disaster in Ethiopia showed that in 
Oromiya Region 40500 people are vulnerable, 47100 affected, and 5 are died by this year flood. 
 
Geographic information system (GIS) is a computer-based system that provides the capabilities 
for input, data management (data storage and retrieval), manipulation and analysis, and output to 
handle georeferenced data (Aronoff, 1995). GIS provides a broad range of tools for determining 
area affected by floods and for forecasting areas that are likely to be flooded due to high water 
level in a river. GIS will be extensively used to assemble information from different maps, aerial 
photographs, satellite images and digital elevation models (DEM). Census data and other 
relevant statistical abstract will also be used to make the risk map more oriented to need of the 
local inhabitants. 
 
Remote sensing is the science and art of acquiring information (spectral, spatial, and temporal) 
about material objects, or area, without coming in to physical contact with the objects or areas, 
under investigation (Lillesand, 2004). Remote sensing technology along with GIS has become 
the key tool for flood monitoring in recent years. The central focus in this field revolves around 
delineation of flood zones and preparation of flood hazard and flood risk maps for the vulnerable 
areas. River flooding in the developing countries of Africa is very acute because of their heavy 
dependence on agriculture but any flood estimation or hazard mapping attempt in this region is 
handicapped by poor availability of high resolution DEMs. Flood Hazard Mapping is a vital 
component for appropriate land use planning in flood-prone areas. It creates easily read, rapidly 
accessible charts and maps, which facilitates the administrators and planners to identify areas of 
risk and prioritize their mitigation/response efforts. 
 
Overflow of Ribb and Meki Rivers and backflow of Lake Zeway has affected and displaced 
43127 and 8728 people respectively in Dugeda Bora Woreda in this summer (UNOCHA, 
2006).Some people said that several months of excessive rain has flooded rivers and stranded 
families in low-lying areas. While others said it is severe environmental degradation of specially 
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the highlands that cause floods of this Woreda. This issue needs research in order to design long-
lasting solutions for the safety of the population and the natural environment as well. 
 
The regulation of flood hazard areas coupled with enactment and enforcement of flood hazard 
zoning could prevent damage of life and property from flooding in short term as well as in long 
term. Flood management and control are necessary not only because floods impose a curse on 
the society, but the optimal exploitation of the land and proper management and control of water 
resources are of vital importance for bringing prosperity in the predominantly agricultural based 
economy of this highly populated Woreda. This cannot become technically feasible without 
effective flood hazard and flood risk maps. Flood risk mapping is the vital component in flood 
mitigation measures and land use planning. This research attempts to synthesize the relevant 
database in a spatial framework to evolve a flood risk map for Dugeda Bora Woreda in particular 
and flood hazard map of Ribb and Meki Catchment in general. Basic aim of this effort is to 
identify the area chronically suffering from flooding and create a flood hazard and flood risk 
maps based on topographical, meteorological, and socioeconomic data. The study has also 
focused on the identification of factors controlling flood hazard in the study area. A flood risk 
map based on administrative units is particularly handy for the planners and administrators for 
formulating remedial strategy. It also makes the process of resource allocation simple resulting in 
a smooth and effective implementation of the adopted flood management strategy. 
 
1.3 Objective 
1.3.1 General Objective 
This research is mainly aimed at assessing the flood risk in Dugeda Bora Woreda with the 
application of Multi Criteria Evaluation (MCE) technique. 
1.3.2 Specific Objectives 
In connection with the above general objective the following specific objectives are outlined. 
 To assess factors controlling flood hazard in the study area 
 To create area inundation map of Ribb-Meki catchment with a particular return period 
flood levels computed from frequency analysis and using the DEM, in case of 
embankment failure 
 To develop flood hazard map of the Catchment 
 To develop flood risk maps of the study area 
 To analyze landuse/landcover change in Ribb-Meki Catchment 
 To recommend some mitigation measures for the recurrent flood risks 
1.4 Research Questions 
 What are the main flood causative factors in Ribb-Meki Catchment? 
 Which parts of Ribb-Meki Catchment suffer from more flood hazard? 
 To What extent are Dugeda Bora Woreda Population and Landuses exposed to flood 
risk? 
 Is there any LU/LC change in Ribb-Meki Catchment for the last 15 years? If so, what the 
general pattern looks like, and to what extent the change undergoes? 
 
2. Description of the Study Area and Flood Related Facts 
2.1 Meki-Ribb Catchment Overview 
Ribb-Meki Catchment, drained by Ribb and Meki Rivers, is located between 08037’ and 08057’ 
North latitude & 37035’ and 37058’ East longitude. This catchment is part of the Rift Valley 
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Basin and more particularly part of that of Zeway Basin located on the North Eastern side of 
Lake Zeway. It has an area extent of about 2500 Km2. Dugeda Bora Woreda, which has an area 
of 1110 km2 totally lies in this Catchment. This Woreda is found in the downstream part of the 
Catchment where Ribb and Meki Rivers join to Lake Zeway. Overflow of these rivers and back 
flow of Lake Zeway frequently flooded this Woreda than other woredas in the Catchment, and 
therefore selected for detailed flood risk study. 
Meki River, which is found at 1 km from Meki Town (headquarter of Dugeda Bora Woreda), has 
its source in Mogishe kebele, Sodo Woreda. Bora Mountain in Dugeda Bora Woreda is the 
source of Ribb River which crosses the main Addis Ababa- Hawassa road at 10 km from Meki 
Town. As explained above, in their lower reaches, these rivers flow through a large flat to very 
gentle sloping plain which is exposed to serious floods. 
3. Data Source, Materials and Methods 
3.1 Data Source 
Reliable data is necessary to realize the designed objectives. The study was based on both 
primary and secondary data. In addition to this, frequent field observation was used together with 
the GPS readings to generate primary information. 
3.2 Materials and Software 
Software used in this study was selected based on the capability to work on the existing problems 
in achieving the predetermined objectives. First and for most, Arc Hydro 9 soft ware, which 
works as extension on ArcGIS 9.0 and above version, was used to delineate the watershed for 
which flood hazard analysis was done. MS Excel is used for flood frequency analysis. ERDAS 
8.7 was used for image processing activities on satellite images. ENVI 4.2 was used to compute 
change detection analysis on Landuse/Landcover map of classified images and to do accuracy 
assessment. The factor map development was carried out using ArcGIS9.1 software package. 
The factors that are input to for multi-criteria analysis should be preprocessed in accordance to 
the criteria set to develop flood hazard analysis. So using spatial Analyst and 3D Analyst 
extension, some relevant GIS analyses were undertaken to convert the collected shape files. 
Eigen vector for the selected factor was computed using Weight module in IDRISI 32 software. 
GPS was used to collect information on structures critically affected by the 2006 flood. It was 
also used to collect information on training sites for landuse/landcover classification. 
3.3 Methodology 
Flood Risk assessment requires an understanding of the causes of a potential disaster which 
includes both the natural hazard of a flood, and the vulnerability of the element at risk. 
According to Ken Granger, 2002, the terms hazard, vulnerability, element at risk, and risk are 
defined as follows: 
• Hazard (H) means the probability of occurrence, within a specified period of time in a 
given area, of a potentially damaging natural phenomenon. 
•  Vulnerability (V) means the degree of loss to a given element at risk or set of such 
elements resulting from the occurrence of a natural phenomenon of a given magnitude… 
• Elements at risk (E) mean the population, buildings and civil engineering works, 
economic activities, public services, utilities and infrastructure, etc., at risk in a given 
area. 
• Risk (R) means the expected degree of loss due to a particular natural phenomenon Risk 
analysis can be defined as “a systematic use of available information to determine how 




Flood risk of the Woreda was analyzed from the following general risk equation (Shook, 1997). 
Risk = (Elements at risk)*(Hazard*Vulnerability)...…………..………….………Equation 1.1 
 
Flood frequency analysis is one of the important studies of river hydrology. It is essential to 
interpret the past record of flood events in order to evaluate future possibilities of such 
occurrences. The estimation of the frequencies of flood is essential for the quantitative 
assessment of the flood problem. The knowledge of magnitude and probable frequency of such 
recurrence is also required for proper design and location of hydraulic structures and for other 
allied studies. The gauge data which are random variable follow the law of statistical 
distribution. After a detailed study of the distribution of the random variables and its parameters 
such as standard deviation, skewness etc. and applying probability theory, one can reasonably 
predict the probability of occurrence of any major flood events in terms of discharge or water 
level for a specified return period. 
 
Flood frequency analysis is done in this study by selecting annual maximum gauge levels at 
Ribb-Addiszemen and Meki gauge site located in the catchment area. Two methods of statistical 
distribution i.e. Gumbel’s extreme value distribution and Log Pearson type III distribution were 
attempted by selecting peak gauge level data for 35 years (1971-2005) at the two catchments 
above. 
The flood hazard analysis was computed using multi criteria evaluation (MCE). To run MCE, the 
selected flood causative factors such as soil type, elevation, slope, drainage density, landuse, and 
rain fall were developed and weighted. Then weighted overlay technique was computed in 
ArcGIS 9.1 Model Builder to generate flood hazard map. Considering the degree of loss to be 
total for the study area, the vulnerability is assumed to be one. Finally to generate flood risk map 
of the Woreda, elements at risk layer (population density and land use) and the flood hazard map 
were overlaid using weighted overlay analysis technique in ArcGIS 9.1 environment. 
 
Landcover mapping methodology should be governed by the attributes of the land cover types. 
Since landcover types usually have significantly different interpretation characteristics, they 
should be mapped separately according to the methodology suitable to their particular attributes. 
 
 
3.4 Data Processing and Analysis 
3.4.1 Data Processing 
3.4.1.1 Database design creation and Field survey 
Personal Geodatabase 
The geographic database (geodatabase) is a core geographic information model to organize a 
spatial data in to thematic layers and spatial representations. Two types of geodatabase 
architectures are available under ESRI’s ArcGIS package: Personal Geodatabase and Multiuser 
Geodatabase. In this study, personal geodatabase was implemented to store the necessary data 
that could be applicable to the final analysis for the designed objectives. 
Pre-field Survey 
Before the field survey, relevant secondary data has been organized in a GIS environment. The 
available satellite images of the 1985 TM and 1999 ETM have been geometrically corrected and 
a supervised classification has been accomplished in order to check and verify the existing 




During field survey the necessary information have been taken and registered. Ground truths of 
major damages of the 2006 flood was collected using GPS so as to compare it with the flood 
hazard and flood risk map generated in this study. In addition, the ground verification for the 
landuse/land cover map was conducted. 
3.4.1.2. Satellite Image Processing 
Satellite images of Landsat 7 sensor of 1985 TM and 1999 ETM, path 169 and row 52, which 
were acquired on October 23 and November 09 respectively, (with a map projection of UTM_ 
zone 37, spheroid and datum WGS_ 84) have been used for the landuse/land cover mapping and 
change detection processes. These images were stacked in the ERDAS IMAGINE 8.7 software 
and subset by the boundary of the Ribb-Meki Catchment. The most common image processing 
function (digital image processing) in this study consists of four steps: 
o Pre-processing 
Pre-processing is done before the main data analysis and extraction of information. 
Preprocessing involves two major processes: geometric correction and radiometric correction or 
haze correction. 
Remote sensing imageries are inherently subjected to geometric distortions. These distortions 
may be due to the perspective of the sensor optics, the motion of the scanning system, the motion 
of the platform (the platform altitude, attitude and velocity), the terrain relief, or the curvature 
and rotation of the earth (Lillesand, 2004). Geometric corrections are done in order to 
compensate for these distortions so that the geometric representation of the imagery will be as 
close as possible to the real world. Many of these variations are systematic or predictable in 
nature and accurate modeling of the sensor and the platform motion and the geometric 
relationship of the platform with the earth can correct these distortions. 
 
Pre-processing operations, sometimes referred to as image restoration and rectification, are 
intended to correct for sensor- and platform-specific radiometric and geometric distortions of 
data. Radiometric corrections may be necessary due to variations in scene illumination and 
viewing geometry, atmospheric conditions, and sensor noise and response. Each of these will 
vary depending on the specific sensor and platform used to acquire the data and the conditions 
during data acquisition. Also, it may be desirable to convert and/or calibrate the data to known 
(absolute) radiation or reflectance units in order to facilitate comparison between data. 
 Haze correction 
During recording spectral reflectance, atmospheric effects on energy illumination from ground 
features or geometric distortion can be built up due to high altitude, etc. So the image should be 
corrected from these distortions. The images of the Ribb-Meki Catchment were checked on 
anomalies caused by this energy interaction in the atmosphere. 
o Image Enhancement 
Image enhancement is used in order to increase the details of the image by assigning maximum 
and minimum brightness values to maximum and minimum display values, and it is done on 
pixel values. This makes visual interpretation easier and assists the human analyst. Histogram 
equalization is done on the images, where enhancement assigns more display values (or ranges) 
to the frequently occurring portions of the histogram. 
 False color composite (FCC) 
When displaying a multi-spectral image in color (Red, Green and Blue) a combination of three 
bands is selected. By using different TM and ETM bands for (RGB), different color composite 
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were created for the catchment, each with its own characteristics. By comparing the different 
color composites, a selection was made, which could be used for vegetation and bare soil 
differentiation. Color composite 742 was found best to be used for water bodies (flooded areas) 
identification while 432 for vegetation cover and 472 or 471 are used for identifying the shrub 
lands. 
o Image Classification 
Image classification serves a specific goal: converting image data in to thematic data. In the 
application context, one is rather interested in thematic characteristics of an area (pixel) rather 
than in the reflection values. Thematic characteristics such as landuse/land cover can be used for 
further analysis and input into GIS based models. In addition, image classification can also be 
considered as data reduction: the n multi spectral bands result in a single band raster file. 
 
With a particular application in mind, the information classes of the interest need to be defined 
and their spatio-temporal characteristics assessed. Based on the characteristics the appropriate 
image data can be selected. Selection of the adequate data set concerns the type of sensor, the 
relevant wavelength bands and the date of acquisition. For this study, the 1999 image which was 
acquired shortly after the main rainy season was selected in order to identify flooded areas. As 
discussed previously, this year was the major flood year next to 2006 and 2001, which affects 
about five PAs in Dugeda Bora Woreda. And that of the 1985 image is acquired during the 
relatively non-flooded year. 
 
Before starting to work with the acquired data, a selection of the available bands may be made. 
Reasons not using all available bands (for example all seven bands of Landsat TM) lie in the 
problem of band correlation and sometimes, in limitations of hardware and software. Band 
correlation occurs when the spectral reflection is similar to the two bands. An example is the 
correlation between the green and the red wavelength bands for vegetation: a low reflectance in 
green correlates with a low reflectance in red. For classification purposes, correlated bands give 
redundant information and might disturb the classification process (Lillesand, 2004). The 1999 
image was classified and used as a factor map for flood hazard (level of abstraction of rain 
water) as well as flood risk (element at risk). The 1999 classified image (with the 1985 classified 
image) was used for landuse/land cover change detection. 
 
The processes of this classification and change detection were discussed later in this chapter. 
o Data Merging and GIS Integration 
These procedures are used to combine image data for a given geographic area with other 
geographically referenced data sets for the same area in the context of a GIS. In this study, 
4. Result and Discussion 
4.1 Flood Hazard 
The flood hazard maps below shows that 192.8, 502.7, 547.2, 1099.7, 974.3 square kilometer of 
Ribb-Meki Catchment, and 141.6, 178.8, 324.3, 355.7, 108.8 square kilometer area of Dugeda 
Bora Woreda were subjected respectively to very high, high, moderate, low and very low flood 
hazards. 
 
As it is explained in the previous parts, a more detailed study was done for Dugeda Bora 
Woreda. Almost all of the flood hazard areas fall under this Woreda. PAs with more than three-
fourth of their areas fall under high and very high flood hazard include Wagtera (100%), Nabega 
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(99.6%), Kidiste Hana (98.9%), Shina (93.1%), and Shaga (92.2%). All of these areas lie in the 
downstream part of Ribb and Meki Rivers where they join to Lake Zeway. Further analysis 
revealed that 99.7% swamps, 93.8% grass lands, 27.9% shrub lands, and 24.1 Agricultural lands 



















                  Figure 1: Flood Hazard Map of Rib-Meki Catchment 
 
From the area of the catchment under very high flood hazard about three-forth is in Dugeda Bora 





Figure 2: Flood Hazard Map of Dugeda Bora Woreda 
4.2 Flood Risk 
Flood risk mapping and assessment was done for Dugeda Bora Woreda by taking population and 
landuse/landcover elements that are at risk combined with the degree of flood hazards of the 
Woreda. 
According to the flood risk map, it was estimated that 40.1, 165.5, 331.3, 385.8 and 186.4 square 
kilometre areas of Dugeda Bora Woreda were subjected respectively to very high, high, 
moderate, low, and very low flood risk. Elements at risk considered in this study show different 
levels of risk. PAs that are about half of their area under flood risk include Wagtera (96.1), Shaga 
(90.3), Nabega (87.5), Meki (65.2), Bebks (55.8), Kidiste Hana (53.3), Shina (49.4), and Abua 
Thua (47.1). With regard to the other element at risk, landuse/landcover, 81.8% swamps, 81.6% 
grass lands, 12.8% agricultural lands were under high to very high flood risk. 
The 2006 flood worst hit PAs of Dugeda Bora Woreda were among the above flood risk PAs. 
Therefore, the result was congruent with the reality that is going on in the study area. 
Specifically, results were compared with ground truth data of the 2006 flood disaster damaged 
areas which were collected with GPS during field survey. All these damaged schools, water 
pumps, crops, and so on fall in the high to very high flood risk areas of the flood risk map. In 





                   Figure 3: Flood Risk Map of Dugeda Bora Woreda 
 
4.3 Flood Frequency 
By using Gumbel’s Method, the calculated Gauge levels of Meki River for 2, 10, 25, 50 and 100 
year return period flood are 5.9m, 7.091m, 7.685m, 8.147m, and 8.582m respectively while that 
of Ribb-Addiszemen are 6.806m, 7.714m, 8.166m, 8.518m, and 8.85m respectively. The same 
gauge data are then analyzed by Log-Pearson Type III Method and gauge levels obtained for 2, 
10, 25, 50 and 100 year return period flood for Meki are 6.075m, 7.06m, 7.369m, 7.553m, and 
7.706m respectively, while that of Ribb are 7.016m, 7.604m, 7.731m, 7.793m, and 7.836m 
respectively. 
 
The Chi square test comparing computed values with observed values is carried out to find the 
best fit method and Gumbel’s method is found to be the best fit for both rivers. That is, this 
method is with the lower CHI Square value than the Log-Pearson Type III (0.081 Vs 0.519 for 
Meki River, and 0.055 Vs 0.860 for Ribb). Therefore, inundation area mapping was done using 




      Figure 4: Flood inundation map of Rib- Meki Catchment (for 100 years) 
 
For a 100 year return period flood which gage level was calculated as 8.582m (Meki) and 8.85 m 
(Ribb), the total area inundated by the flood will be 352 square kilometers. This area is about 
12% of the total catchment area, and that of Dugeda Bora Woreda is 256 square kilometers 
(23%). As the above map shows, almost all the area likely to be inundated by a 100 year return 
period flood fall in Dugeda Bora Woreda. Important to mention here is that the identified areas 
likely to be flooded by the flood frequency analysis fall in the high and very high hazard areas 




        Figure 5 : Flood inundation Map of Dugeda Bora Woreda 
 
With regard to landuse classes, with the above mentioned return period flood, 99.8% swamps, 
94.0 grass lands, 30.6% shrub land, and 13.9% agricultural lands were found likely to be 
inundated. It inundates 100% of Wagtera, Kidiste Hana, Nabega, Shaga, and Shina. 64.7% of 
Abua Tihua is also likely to be flooded . Most areas of these PAs was actually inundated by the 
last year (2006) flood and the people was displaces from its residence. Moreover, agricultural 
crops including grazing lands of the pastoralist people of these areas were severely damaged by 
the 2006 flood. As explained before, these areas have been affected by flood almost every year 
and therefore traditionally identified as flood prone areas. 
4.4 Dynamics in Landuse/Landcover Types 
Changes in land cover driven by land use can be categorized into two types: modification and 
conversion. Modification is a change of condition within a cover type; for example, unmanaged 
forest modified to a forest managed by selective cutting. Conversion is a change from one cover 
type to another, such as deforestation to create cropland or pasture. The most important change 
from 1985 to 1999 was observed in the expansion of swamps at the expense of grass lands and to 




Figure 40: Expansion of swamps at the expense of other landuses/Landcovers (October 23, 1985 
Landsat TM Image (left) and November 9, 1999 Landsat ETM Image (right) 
 
4.5 Landuse/Landcover Change and Flood Hazard/Flood Risk 
The land covers (shrub land, wood land, grass land) of the upland sites and the flood plain area is 
decreased. Therefore, there is high soil erosion in the upstream and sediments and dissolved 
substances cumulatively called river load deposited in the river channels and on adjacent flood 
plains in downstream of the major rivers. 
 
According to Shiferaw and Wondafrash, sediments deposited in Ribb and Meki rivers have 
changed the rivers gradient, cross sectional area, average velocity of water flow and discharge of 
rivers. Therefore overflow of rivers occurred and flooded the local communities. The cross 
sectional area of Meki and Rib rivers is decreasing from time to time as a result of sediment 
deposition. In some areas the depth of Rib River diminished from 35 meter to 11 meter. Deep 
rooted and tall grasses that had been grown along river banks have been buried by soil 
sediments, which are transported by rivers. Some agricultural land crops have been buried by the 
deposited sediments. Over all the river channels depth and width decreased and the water 
discharging capacity of the major rivers (Meki and Rib) and their tributaries minimized in which 
it leads to overflow of water and flooding consecutively. All this indicates that the rate of erosion 
and soil loss in the upstream is high due to lack of abstraction flood water abstraction. 
 
5. Conclusion and Recommendations 
5.1 Conclusion 
The basic idea of flood hazard and risk assessment and mapping as undertaken in this study is to 
regulate land use by flood plain zoning in order to restrict the damages. In the light of above 
discussion, it can be said that flood risk mapping, being an important non-structural flood 
management technique, will go long way in reducing flood damages in areas frequented by 
flood. 
Pair wise comparison method of flood hazard map generation is a good approach to deduce a 
sound decision for a forthcoming flood disaster, provided the required data are standardized to a 
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common scale in personal geodatabase. This study confirmed that the method used was capable 
to integrate all the flood hazard causative factors and the components of flood risk as well in a 
GIS environment. In this fashion, composite maps were generated to assess flood risk of Dugeda 
Bora Woreda. 
One of the Multi Criteria Evaluation techniques known as Weighted Overlay in GIS environment 
was shown to be useful for delineating areas at different rating in terms of flood hazard and flood 
risk. Moreover, factor weight computation in Weight module, that is developed by providing a 
series of pair wise comparisons of the relative importance of factors to the suitability of pixels 
for the activity being evaluated, has generated valuable information. This could be useful for 
disaster studies in the future. 
 
Therefore, it has been shown that MCE–GIS based model combination has potentiality to 
provide rational and non-biased approach in making decisions in disaster studies. Satellite 
images were shown to be very important for Landuse/Landcover change studies with certain 
limitations like cloud cover and striping. The change statistics of landuse/landcover of Ribb-
Meki Catchment showed that clearance of landcover for agricultural expansion has been 
aggravating flood hazard in the downstream areas of Ribb and Meki Rivers, Dugeda Bora 
Woreda. 
 
Flood frequency analysis of peak hydrological data yielded the return periods of each major peak 
discharges and the magnitude and probability of occurrence of flood peaks of specified return 
periods so as to help preparedness to cope with such peaks. Flood frequency analysis combined 
with GIS was found very important to map the likely inundated areas of a given catchment. In 
this study, the likely inundated areas mapped using the 100 year return period base flood and 
DEM, and the flood hazard map obtained from the overlay analysis of flood causative factors in 
the study area soundly agree to each other. And therefore, the combination of the two results 
would be a step forward for flood management and mitigation strategies. 
 
Although flooding is a natural phenomenon, we can’t completely stop it; we can minimize its 
adverse effects by better planning. The study has shown that automatic flood map delineation 
can be produced for big river system in short time with the support of GIS and Remote Sensing. 
 
5.2 Recommendations 
This investigation provides information on flood hazard at a catchment and Woreda level and 
flood risk at a Woreda level that could be used by the pertinent decision makers to act upon the 
current land use policy for reducing vulnerability to flood disaster in Dugeda Bora Woreda in 
particular and that of the Ribb-Meki Catchment at large. Thus the responsible bodies of the 
Woreda as well as the Region should incorporate the flood hazard and flood risk assessment 
studies in their development strategies. 
Watershed management practices in the uplands of the catchment are crucial in alleviating future 
flood disasters in the study area. Land use planning can play very important role to reduce the 
adverse effects of flooding. It is recommended to adopt an appropriate landuse planning in flood 
prone area. The ideal form of planning would be to evacuate the flood prone completely but 
practically it is not possible as to involve high costs and some social problems are associated. It 
is possible to change the functional characteristics of the flood plain areas. Now days, most flood 
prone areas in Dugeda Bora Woreda have been changed in to rice cultivation fields. 
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Strengthening this practice and revilagizing the population in these areas to the safe ground 
would be better to reduce the frequently recurring flood risks.  
According to Cadwallader (1986) regulation not only reduce the incidence of and severity of 
flooding but also decrease long-term average flows downstream. Disaster related research 
activities should be undertaken. Application of advance techniques in soil physics, geotechnical 
engineering, GIS and remote sensing for flood risk assessment and risk reduction are also 
needed. The priority research question should be what major factors contribute to flood hazard 
and also reducing the vulnerability of elements at risk in the known frequent flood prone areas. 
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